was approximately twice that of median per capita income in African households (Case and Deaton 1998) .
Most of the elderly in South Africa do not live alone and many live in extended or multi-generational households (Case and Deaton 1998; Grapsa and Posel 2016) . With persistently high unemployment rates and high rates of adult mortality related to HIV/AIDS, the receipt of the social pension has meant that the elderly are often the primary providers of support in their household, rather than economic dependents. A sizeable body of literature on the elderly in post-apartheid South Africa has therefore focused on the reach of the social pension and how living with a pension recipient affects the outcomes and behavior of co-resident children and adults (cf. Duflo 2003; Hamoudi and Thomas 2005; Edmonds 2006 ). Studies highlight the role particularly of grandmothers as the financial and physical caregivers of grandchildren and of adult children who are ill.
In this chapter, we analyze time use data, collected in a nationally representative time-use survey, to explore more comprehensively the roles played by elderly women in South African households, and to compare their time allocations with those of elderly men. We investigate whether a traditional gender division of labor, identified in time use studies of working-age adults in South Africa (cf. Charmes 2006; Guryan et al. 2008; Wittenberg 2009 ), persists also among the elderly, and whether there is evidence in the time use data of elderly women as the providers of physical care in their households.
We first describe gender differences using a mean added (or total) time approach, the approach most commonly adopted in time use studies. However, our main methodological objective is to augment this approach by applying sequence and cluster analysis methods that allow us to analyze the real time of the elderly. We use these methods to create clusters of similar time use behavior among elderly women and among elderly men, based not only on the average amount of total time that they allocate to different activities but also on the combination of activities that they undertake during a 24-hour day, and on the timing and ordering of these activities. We then compare these clusters, both between and among elderly women and men, and we investigate whether membership in a particular cluster of time use behavior varies according to the characteristics of the elderly, including the receipt of a social pension and the composition of the elderly's household.
In the next section, we review the South African context and in Section 3, we discuss the data and the methods which we apply in our analysis, including the sequence and cluster methods. In Sections 4-7, we present our empirical results and in Section 8, we conclude with a summary and discussion of our main findings.
SOUTH AFRICAN CONTEXT
Households in South Africa tend to be far more complex than households in developed countries, and many South Africans live in multi-generational households with permeable boundaries (cf. Spiegel 1986; Posel et al.2006; Amoateng et al. 2007 ). This complexity and fluidity in household structure is explained partly by the African tradition of family formation, which is not based on the conjugal unit, but on a consanguineal and specifically patrilineal system of descent (Russell 2003) . South Africa also has a long tradition of circular labor migration, enforced during the apartheid period, as a means of controlling the permanent settlement of Africans 2 in (White) urban areas. Although restrictions on African urbanization have been lifted in the post-apartheid period, African men, and increasingly African women, continue to migrate to urban areas to find employment, leaving their children behind in the care of other family members (Posel 2010; Reed 2013; Camlin et al. 2014) . Employment insecurity and high rates of unemployment help to explain this persistence of individual, rather than family, migration (Posel and Marx 2013) .
Living arrangements in households also respond to changes in access to resources, and kin relations have been very important in helping to absorb the negative consequences of high (often HIV related) mortality rates and stubbornly high unemployment rates (Edmonds et al. 2005; Hosegood et al. 2007; Klasen and Woolard 2009 ). In the absence of state support expressly for the unemployed, for example, there is evidence that the unemployed attach themselves to households in which income, from employment or social grants, is received (Klasen and Woolard 2009) .
One of the largest social grants, which was extended to all eligible South Africans in the post-apartheid period, is the social pension, a means-tested, and non-contributory grant paid out of general revenue. In the post-apartheid period, the age eligibility for women to receive the social pension has always been 60 years, but the grant was initially paid to men at 65 years. This age threshold has been progressively lowered during the 2000s until 2010, when the age thresholds for women and men were the same. The majority of the elderly in South Africa receive the social pension, most of whom are African (Budlender and Lund 2011) , and as we show later, pension receipt remains higher among elderly women than men.
In developed countries, receipt of a pension has been found to increase the likelihood that the elderly live alone or independently of other family members (cf. Costa 1997 Costa , 1999 Engelhardt et al. 2002) . In South Africa, however, social pension receipt has been associated with an increase in the number of young women and children in the pensioner's household, and a decrease in the number of older prime-age women (aged 30-39) (Edmonds et al. 2005; Ranchhod and Wittenberg 2016) . These changes in household formation are explained partly by the role of the social pension in facilitating labor migration. In particular, studies have found that working-age African women are significantly more likely to migrate to find employment if they originate from households in which elderly women are pension recipients, perhaps because this grant income relieves income constraints to migration and enables grandmothers to support children who are "left behind" (Posel et al. 2006; Ardington et al. 2009 ).
A number of econometric studies using household survey data have found a positive relationship between receipt of the social pension and child outcomes -children who live with pensioners are better nourished, healthier, and more likely to attend school (cf. Duflo 2003; Eric 2006; Case and Menedez 2007) . More qualitative research points also to the role of grandmothers as the physical caregivers of children whose mothers are absent from the household for reasons of migration, or because of mortality (cf. Schatz and Ogunmefun 2007; Bohman et al. 2009; Mathis 2011) .
Time use data provide the opportunity to explore more comprehensively the roles played by elderly women in South African households, and to compare their time use behavior with that of elderly men, about whom little has been written. South Africa is among only a handful of countries in Africa that have introduced dedicated time-use surveys. To date, two of these surveys have been conducted, in 2000 and 2010, both of which are nationally representative. Studies which analyze these data describe large differences in the average time allocations of women and men, consistent with a traditional gender division of labor. On average, women spend over 2 hours more per day on domestic and care activities, while men spend over an hour more on production work (Budlender et al. 2001; Charmes 2006; Statistics South Africa 2013) .
Until now, research using the two national time diary surveys has not focused on the time use behavior of the elderly specifically. However, in a recent paper, Ranchhod and Wittenberg (2016) use both the 2000 and 2010 data to explore how time allocations among Africans change with the receipt of the social pension. The focus of their study is on time use among prime-aged (25-50-year-old) adults who co-reside with pensioners, but they also consider whether time allocations differ after reaching pension age. They find that, on average, when prime-aged adults live with the elderly, they spend significantly less time in paid employment, but women spend more time on household maintenance and men on mass media use. At pension age, mean time allocated to paid work declines, although there is some increase in informal production among men, while time spent on personal care also increases. However, their research finds no evidence of a change at pension age, in the time allocated to child caregiving, even among women.
Studies which analyze time use data typically calculate the average amount of time that individuals spend on a particular activity during the day, and they then explore the correlates of these mean time allocations using descriptive or econometric methods. While we engage in this type of adding up exercise, we also analyze the real-time trajectories of the elderly -not only how much time they spend on a particular activity, but also when this activity occurs and what series of activities are undertaken over the course of the day. This latter strategy allows us to explore gender differences in time use behavior across more dimensions than time duration, including the structure and rhythm of daily activities. We analyze data collected in the 2010 South African Time Use Survey (TUS), a nationally representative survey (Statistics South Africa 2010), which sampled 39,018 individuals of whom 5,078 (13%) were older than 59 years (our study's age cut-off for the elderly). 4 We use the sampling weights provided to adjust for the probability of inclusion in the sample and for survey non-response.
The time diary was completed for the 24 hours before the survey (from 4 a.m. of the morning before the interview to 4 a.m. of the interview day). Activities were recorded in half hour slots, where a maximum of three activities could be reported per slot as either sequential or simultaneous activities. These activities were then post-coded by Statistics South Africa (StatsSA), using a classification system adapted from the System of National Accounts (SNA) for a developing country context (Budlender et al. 2001 ).
Ten types of activities were identified across three broad categories: SNA production, non-SNA production, and non-productive activities. We retain this classification system but identify only eight distinct activity types, as we grouped the three SNA production activities (formal employment, informal employment and home-based production, and primary production) into a single category of "production work". We keep the three distinct activity types for non-SNA production (household maintenance, community service, and care of persons) and the four non-productive activities (personal care, learning, mass media use, and social or cultural activities).
There are no missing data for the timeslots of the elderly, yielding a total of 243,744 half hour periods. Of these, only 21,188 (or 8.7%) include multiple activities, the majority of which (66.7%) are sequential. The inclusion of these multiple activities makes little difference to the mean time allocations of the elderly across activity types, or to the gender differences in these allocations (Grapsa and Posel 2016) , and given the computational requirements of our empirical methods, we focus the analysis on the first activity reported per time slot.
In Section 4, we first describe the characteristics of elderly women and men in South Africa, and then present their mean total time allocations and participation rates by activity type and gender. The mean total time is calculated by averaging the total amount of time that elderly individuals spend on a particular activity, while the participation rate identifies the proportion of the elderly who performed an activity at any point over the 24-hour day.
Although these descriptive measures are useful, they do not exploit all the information captured in the time diaries, about when activities are undertaken and the ways in which activities are ordered during the day. Because time allocations are averaged for each activity type, we also cannot easily compare the elderly according to the combination of activities which characterize their day.
In Section 5, we probe gender divisions in time use behavior by analyzing the real time of the elderly. We consider the series of activities which each elderly person undertakes during the day as a sequence of states with 48 points (representing the total number of timeslots over 24 hours). For example, a possible sequence for an elderly individual could be personal care (6) -household maintenance (15) -personal care (2) -household maintenance (4) -mass media activities (5) -personal care (18), with the number in brackets capturing the number of half hour slots over which the activity is reported. We then analyze the 5,078 sequences for the elderly using optimal matching (OM) and cluster analysis.
OM methods were developed in the sciences, but they have since been applied to the social sciences to explore school-to-work transitions and life trajectories (cf. Abbott and Forrest 1986; Halpin and Chan 1998; Abbot and Tsay 2000; McVicar and Anyadike-Danes 2002) , and in a handful of studies, to analyze time diaries (Lesnard 2004 (Lesnard , 2008 (Lesnard , 2010 Vrotsou et al. 2014) .
OM provides a measure of the similarity (or distance) between sequences, by calculating the minimum number of operations that would be needed to transform one sequence into another. These operations include the replacement or insertion/deletion of sequence states (see also Grapsa and Posel 2016) .
The OM distance measures are used in our cluster analysis to identify similar pairs of activity sequences among women and separately among men. We apply agglomerative hierarchical clustering to construct a hierarchy of clusters (Kaufman and Rousseeuw 2008) , where the clustering algorithm begins by assigning each sequence its own cluster. It then finds the pair of sequences that are the most similar (based on the OM distance) and merges these into one cluster. In order to obtain the updated distance between the newly merged cluster and the remaining observations (or clusters), Ward's method (Ward 1963 ) is employed at subsequent steps. Each cluster is represented by its mean or centroid, and the distance between clusters is measured by the change in the error sum of squares 5 (SSE) that occurs after merging two clusters. Ward's method seeks to minimize the sum of squared distances of points from their cluster centers (see also Grapsa and Posel 2016) .
We conduct this cluster analysis separately for the samples of elderly women and men, i.e., we compare activity sequences among elderly women and generate clusters that distinguish the time use behavior of elderly women, and then we repeat the process for elderly men. For each sample, our analysis produced five distinct clusters, which are compared and discussed in Section 5.
In Sections 6 and 7, we investigate the characteristics of the elderly by cluster and gender. We first explore the correlates of cluster membership using multinomial regressions, 6 which are estimated separately for elderly women and elderly men (Section 6). As possible covariates, we consider a range of individual characteristics (age, race, marital status, education, and the receipt of a social or a private pension) and household characteristics (whether a domestic helper is employed, and the composition, location, and wealth of the household). Household wealth is measured using quintiles of an asset index, constructed using principal components analysis of a range of assets (such as household ownership of a car, television, computer, washing machine, and dishwasher) and the type of dwelling (formal or informal housing). We also included binary variables which capture whether the time diary was completed during the week or over the weekend, and whether respondents considered the surveyed 24-hour period a typical day.
In the final empirical section, we describe subjective evaluations of time use during the day (was there too much to do, not enough to do or a comfortable amount to do), and whether these evaluations vary across the clusters and between elderly women and men (Section 7).
DESCRIPTIVE CHARACTERISTICS AND MEAN TIME ALLOCATIONS OF THE ELDERLY
As in most countries, life expectancy in South Africa is higher among women than men (Bor et al. 2015 ). As Table 1 shows therefore, the majority of those 60 years or older are women (almost 58%) and a larger share of elderly women than men is older than 74 years. Elderly women are far less likely than elderly men to be currently (rather than previously) married: only 32% of elderly women in South Africa were currently married in 2010, compared with 72% of elderly men, which is the result of both women's longevity and the fact that women tend to marry men older than themselves. The majority of the elderly in South Africa receives a social pension, 7 and this receipt is significantly higher among elderly women, 70% of whom reported receipt in 2010, compared with 56% of elderly men. This difference may partly reflect prior gender differences in the age threshold for social pension receipt, and a lag in elderly men applying for the pension at age 60. In addition, the social pension is means-tested, and with lower levels of education and lower employment rates among women particularly in formal employment, they are less likely than elderly men to receive a private pension or to live in richer households. However, elderly women, on average, also live in larger households that include significantly more male adults of working age and children. The mean daily time allocations of the elderly are described in Table 2 , which also reports the activity participation rate (the proportion of the elderly who engaged in a particular activity type during the day). On average, both elderly women and men spend almost 15 hours a day on personal care (which includes eating, personal hygiene, health care, and sleeping). However, there are clear differences by gender in the average time allocations across the other activity types. The modal activity type among elderly women, aside from personal care, is household maintenance (which includes housework and household shopping), which is performed by 85% of elderly women and accounts for more than 3 hours A much larger share of elderly women also spends time on the care of others (12% compared with 4% of men), although the mean time allocations are very low, and the mean time difference by gender is not significant. Elderly men are significantly more likely than elderly women to have engaged in production work during the day (39% compared with 29% of women) and on average, they spend over an hour more on this work than elderly women, and approximately 30 minutes more on mass media activities (such as watching television, listening to the radio, reading, or using the internet).
A descriptive analysis of the mean time allocations and activity participation rates of elderly women and men therefore identifies a gender division of The data are weighted using population weights. Standard errors are in parentheses. The sample is restricted to all men and women aged 60 years and older. Mean added time is calculated by allocating the full 30-minute timeslot to the first activity reported. Participation rates are calculated as the proportion of the elderly who reported spending any time on the particular activity. Asterisks indicate that the means or proportions by gender are significantly different at the 5% level labor, particularly in household work and production work. Further differences in the time allocations of elderly women and men are revealed in the cluster analysis, which allows us to compare the elderly not only according to whether they performed a particular activity and the average amount of time allocated to that activity, but according to the combination or sequence of activities undertaken during the day and the timing of these activities.
CLUSTERS OF REAL-TIME TRAJECTORIES AMONG ELDERLY WOMEN AND MEN
The cluster analysis, conducted separately for the samples of elderly women and elderly men, produced five clusters of activity distributions for each sample. These clusters are illustrated in Fig. 1 for elderly women, Fig. 2 for elderly men. The figures present the activity distribution graphs for each cluster, constructed by calculating the proportion of elderly women or men who perform a specific activity at the start of each 30-minute time period. In Tables 3 and 4 , we report the mean total time spent on each activity type, by elderly women and men in each of the five clusters.
The clusters are broadly similar by gender, in terms of the dominant activities undertaken during the day, and we therefore use the same cluster names for women and men. But as we discuss below, the size of some of the clusters differs considerably between elderly women and men, and there are other differences in the timing and extent of activities undertaken.
There are also certain features that are common across all, or many, of the clusters. In particular, mass media activities peak in the evening between 7 p.m. and 8 p.m., for both elderly women and men in all the clusters, coinciding with the airing of popular television shows in South Africa. Moreover, in many of the clusters, but particularly in the clusters of elderly men, personal care activities during the day peak at around 1 p.m., or lunchtime.
Cluster 1 is the largest cluster among women, accounting for 29% of all elderly women, but it is the smallest cluster among men, comprising only 13% of all elderly men. In this cluster, household work dominates waking hours for both women and men, although elderly women in this cluster spend more time on average on household maintenance than the elderly men in this cluster (a daily average of 386 minutes compared with 346 minutes for men). Elderly women also start the day with household work earlier than men -by 7 a.m. approximately half of the women in this Source: TUS 2010 The percentages are weighted using population weights. Standard errors are in parentheses. The sample is restricted to all women aged 60 years and older cluster are engaged in household maintenance, compared with less than 40% of men. Moreover, whereas there is a clear lunch break for elderly men (with a spike in personal care activities), this break is less evident among elderly women, whose time is likely spent preparing and clearing up from lunch. Rather, a break in household maintenance among women appears at around 3 p.m. In cluster 2, production work is the dominant non-personal care activity for both elderly women and men, with a lunch break around 1 p.m. Far more elderly men than women are in this cluster type (25% of men compared with 15% of women) and the average time spent working is also considerably higher for men (480 minutes) than women (350 minutes). The elderly are more likely to engage in production work in the morning than in the afternoon, but this difference is particularly The main non-personal care activities undertaken by the elderly in cluster 3 are social or cultural (such as socializing, sports, and participating in religious or cultural activities), accounting for 366 minutes of average time spent by elderly women and 318 minutes by elderly men. In addition to differences in total time spent in these activities, there are also differences by gender in the timing of these activities. Elderly women are more likely to spend time on social or cultural activities in the mid-morning, with a peak between 11 a.m. and 1 p.m., while the time spent by elderly men peaks in the mid-afternoon, around 3:30 p.m. Elderly women in this cluster also spend more significantly time than elderly men on household maintenance (145 minutes on average compared with 70 minutes among men), and particularly in the morning (between 7 and 8:30am). In contrast, elderly men allocate more time to personal care (930 minutes on average, compared with 850 minutes among elderly women). Far more elderly women than men are in this cluster type (26% of women compared with 18% of men).
Cluster 4 is the largest cluster among elderly men (accounting for 29% of all elderly men) but the smallest cluster among elderly women (accounting for only 14% of elderly women). In this cluster, the dominant non-personal care activity undertaken during the day involves the use of mass media. Mass media activities peak in the evening, but in contrast to the other clusters, there is also another (although smaller) peak in the midmorning. Both elderly women and men spend more than 5 hours on average per day on mass media activities, although women spend 30 minutes more on average than men. Apart from cluster 1, this is the cluster in which elderly men devote the most amount time to household maintenance (104 minutes on average per day). However, elderly women still spend more time on average than elderly men on household work (151 minutes), while elderly men spend more time than women on social or cultural activities (139 minutes on average, compared with 89 minutes among elderly women).
In cluster 5, which accounts for 16% of elderly women and 15% of elderly men, the dominant activity throughout the day involves personal care. Approximately 20 hours on average are allocated to personal care activities by both elderly women and men in this cluster. The most common non-personal care activity involves the use of mass media, which accounts for 81 and 101 minutes of average time use among elderly women and men, respectively.
THE CORRELATES OF CLUSTER MEMBERSHIP
The five clusters were created by considering only daily time use behavior. To identify which individual and household-level characteristics of the elderly are associated with cluster membership, we next estimated multinomial regressions among elderly women (with the marginal effects reported in Table 5 ) and among elderly men (Table 6 ). Of the individual characteristics of the elderly, age is an important correlate of cluster membership, and particularly among elderly women, who are significantly less likely to specialize in household production Source: TUS 2010 The data are weighted using population weights. Standard errors are in parenthesis. The omitted categories are: aged 60-68; African; currently married; less than grade 12 education; no social pension receipt; no private pension receipt; urban area of residence; in the first asset quintile, weekday; and typical day. Standard errors are in parentheses. The marginal effects are calculated as a change in the probability for a one unit change in the continuous variables and for a discrete change in the dummy variables * p < 0.05, ** p < 0.01, *** p < 0.001 (cluster 1) or production work (cluster 2) as they get older, and more likely to engage in leisure activities involving mass media and personal care (clusters 4 and 5). Individual receipt of a pension is also a significant correlate of time use behavior. Consistent with other research on pension receipt among the elderly in South Africa (Ranchhod 2006) , both elderly women and men who receive a pension are less likely to specialize in production work. However, whereas male pension receipt is associated with more time spent on mass media activities (cluster 4), female pension receipt is associated with more time allocated to household maintenance (cluster 1).
The positive relationship between pension receipt and cluster 1 membership among elderly women may partly reflect the ways in which households in South Africa are often formed around pensions, as a reliable source of income in the context of high rates of unemployment, mortality, and labor migration among working-age adults. Compared with the elderly who do not receive social pensions, social pension recipients, and particularly women, live in significantly larger households, which include Source: TUS 2010 The data are weighted using population weights. Standard errors are in parenthesis. The omitted categories are: aged 60-68; African; currently married; less than grade 12 education; no social pension receipt; no private pension receipt; urban area of residence; in the first asset quintile, weekday; and typical day. Standard errors are in parentheses. The marginal effects are calculated as a change in the probability for a one unit change in the continuous variables and for a discrete change in the dummy variables * p < 0.05, ** p < 0.01, *** p < 0.001 more children and working-age adults. 8 Although the time use data suggest that elderly women devote little time to the physical care of others, including children, it is possible that the "care" which female pension recipients provide is subsumed within a broader range of household activities (including cooking, cleaning, and washing).
However, as the number of working-age women in the household increases, so the likelihood that elderly women spend most of the day on household maintenance is reduced (i.e., they are less likely to be in cluster 1), suggesting that household work remains gendered in more complex households, but that it is undertaken by younger women when they are present. Instead of household work, elderly women who live with more working-age women are more likely to spend their time on social or cultural activities (cluster 3), mass media (cluster 4), or personal care (cluster 5). The time allocations of elderly women are also significantly less likely to place them in cluster 1 if they live in households in which domestic help is employed.
South Africa is a country with high levels of inequality in access to resources , and despite large improvements in the post-apartheid period in access to services (including electricity and running water), sizeable differences still remain between urban and rural areas (Gradin 2013) . The regressions show that the activity distributions of both elderly women and men differ significantly according to the wealth and location of the household in which they live. Compared with the elderly who live in households in the lowest asset quintile and in rural areas, those living in richer households and in urban areas are less likely to specialize in production work. They are also less likely to spend a sizeable part of their day on social or cultural activities, although this relationship is significant only among elderly men. Among both elderly women and men, the likelihood that mass media activities are dominant during the day is higher among richer households in urban areas (households which are more likely to have electricity and mass media devices), but women in these households are also more likely to spend their day on household maintenance (perhaps because there is a larger house to maintain).
Time allocations among the elderly vary significantly between weekdays and the weekend. Sunday, in particular, is a day of rest from both household and production work for both elderly women and men, and a day where the elderly are more likely to engage in social or cultural activities, and among elderly men, in the use of mass media. If the elderly reported that their time diary covered a "non-typical" day, then they were also less likely to have engaged in work activities (and particularly production work) and more likely to have spent the day on personal care, suggesting that ill health may be a key reason for why their day was not typical.
TIME EVALUATIONS OF THE DAY
After completing the time diaries, all respondents were asked to assess their time use during the day, according to three response options: "a comfortable amount of things to do", "too busy," or "not busy enough". There is little overall descriptive difference among the elderly in these assessments by gender. For both elderly women and men, and across all the clusters, the modal view of the day was that there was "a comfortable amount of things to do", an assessment provided by 60% of all elderly women and 58% of elderly men. However, there is some variation in time evaluations across the cluster types. The elderly who spent most of their day on personal care (cluster 5) were the least likely to provide a positive assessment of their time use and far more likely than the elderly in other clusters to report their day as "not busy enough", a view expressed by more men in this cluster (49%) than women (46%). The elderly who were the least likely to feel that their day had been too inactive, and the most likely to report feeling time pressure, were those who specialized in household work and production work (clusters 1 and 2, respectively). Nonetheless, if the elderly provided a negative evaluation of their daily activities, then they were far more likely to say that their day was not busy enough, rather than too busy: overall, 11% of both elderly women and men reported their day as too active, compared with 30% of elderly women, and 31% of elderly men who viewed their day as not sufficiently active. This pattern is consistent among both elderly women and men across all clusters, with one exception: almost one quarter of the elderly men in cluster 2 felt that their day had been too busy. These relatively low reports of time pressure among the elderly, and their variation by cluster, suggest that retirement affords many of the elderly (both women and men) control over their time, if not the opportunities to spend their time as they would like (Table 7) .
SUMMARY AND DISCUSSION
Time use data show that a traditional division of labor persists among elderly women and men in South Africa. Although they devote the same amount of time to personal care (approximately 15 hours in a day), elderly women, on average, spend 90 minutes more than elderly men on household maintenance, while elderly men spend 70 minutes more on production work. However, perhaps surprisingly in light of a literature that emphasizes grandmothers as the caregivers of children in South Africa, elderly women devote little dedicated time during the day to the physical care of others (less than 15 minutes on average), and although elderly women are more likely than elderly men to spend any time on caring activities, gender differences in mean time allocations are small. In this study, we augmented this description of mean time allocations by analyzing the time of day and sequence in which activities take place. We modeled the daily time use of each elderly individual as a sequence of ordered activities, and we then used OM and clustering methods to identify clusters of similar sequences, first among elderly women, and then among elderly men. These methods group the elderly into clusters on the basis of their time use behavior only. We then used multinomial The percentages are weighted using population weights. Standard errors are in parentheses regression analysis to investigate the characteristics of elderly women and men that are correlated with their membership in a specific cluster. The cluster analysis produced five distinct clusters of real-time trajectories among elderly women, and five clusters among elderly men. The cluster types are very similar by gender in terms of the dominant activities undertaken. However, there are clear differences between elderly women and men in the size of these clusters, the timing of activities during the day, and the characteristics of elderly women and men by cluster, differences which complement the mean time description of a gender division of labor.
The largest cluster type among elderly women (accounting for almost 30% of elderly women) is the cluster where household maintenance dominates the day, but this is the smallest cluster among elderly men (less than 13% of whom are in this cluster). Elderly women, thus, are far more likely than men to "specialize"' in household production, but even in the other clusters in which household maintenance is not the modal activity (and non-personal care activities dominate the day), elderly women still devote more time on average to housework than elderly men. There is also clearer evidence of a lunch break (associated with a spike in personal care activities) in the clusters of elderly men than in those of elderly women, highlighting gender divisions in food preparation, cooking, and clearing up.
In contrast, a far larger share of elderly men than women (25% compared with 15%) are members of the cluster type where the elderly engage in production work, and elderly men in this cluster spend considerably more time working than elderly women (100 minutes more on average), largely because elderly women are more likely to work only in the morning (and do housework in the afternoon). However, the modal cluster type among elderly men (accounting for almost 30% of elderly men) is the cluster in which much of the day (over 5 hours on average) is spent on leisure, and specifically on mass media activities.
Many households in South Africa are not formed around a conjugal unit and a large proportion of the elderly lives with working-age adults or children, and often in multi-generational households. Marital status does not independently predict whether elderly women and men spend their time on household or production work. But time use patterns, particularly among elderly women, vary significantly according to the composition of their household. Elderly women are less likely to assume responsibility for household maintenance if they live with other non-elderly women (including their daughters and adult grandchildren), and they are more likely to spend their time on leisure or personal care activities, suggesting that the division of labor in multi-generational households is bisected by both gender and age.
The majority of the elderly in South Africa receives a social pension. Consistent with other studies (Ranchhod 2006; Ranchhod and Wittenberg 2016) , our analysis shows that pension recipients (both women and men) are less likely to spend their day on production work. Instead of working, the elderly are more likely to engage in leisure activities or personal care, but pension receipt among women also increases the likelihood that housework will dominate their day. One possible explanation for this relationship concerns the role of grandmothers as the caregivers of children (and the sick), identified in many studies. In our analysis, there is no evidence that time spent on caring labor is an important part of an elderly woman's day. However, it may be that the kind of caring labor that women provide is associated with activities related to household maintenance, for example, cooking, cleaning, and washing, rather than with dedicated childcare activities such as playing with, reading to, or bathing children.
Active aging has been identified as a key ingredient of successful aging, associated with higher levels of life satisfaction and good health among the elderly (Gauthier and Smeeding 2003) . The large majority of the elderly in South Africa spends a significant share of their waking hours on active pursuits (involving not only physical but also mental effort, and social interaction). However, among both elderly women and men, there is one cluster where personal care activities dominate throughout the day. This cluster is slightly larger among women (16%) than among men (15%), at least partly because elderly women are typically older than elderly men. Among all the elderly, the women and men in this cluster are the most likely to provide a negative assessment of their day as not being busy enough. In all the other clusters, the modal evaluation of the day is positive, and where it is negative, then it is almost always because the day is not busy enough rather than too busy (evaluations which are likely to distinguish the elderly, who have more autonomy in time allocations, from workingage adults).
The sequence and clustering methods which we applied to the elderly in South Africa created a typology of time use behavior among the elderly, based not only on how much time the elderly allocate to different activities during the day, but also according to the timing and ordering of these activities. This permits a more textured analysis both of differences between elderly women and men, in their time allocations, including in the structure and rhythm of their day, and of differences among elderly women and among elderly men. We believe that there is considerable potential to apply these modeling methods to other studies of time use behavior (including in the South African context, to a study of the real time of working-age adults). (African, White, Indian, and Colored), with Africans comprising approximately 80% of the total population. 3. In a previous study, we identified clusters of time use behavior among the pooled sample of the elderly and we then compared the membership of elderly women and men in these clusters (Grapsa and Posel 2016) . In this study, as we explain in the later text, we estimate the clusters separately by gender. Although our results are consistent with the previous study, estimating the clusters separately by gender provides more insight into differences between elderly women and men in the timing of activities during the day. 4. A three-stage process was used to select the sample, first on primary sampling units (PSU), then on households within each PSU, and finally on two individuals aged 10 years or older in the household. The sample excludes the elderly living in institutions. 5. SSE is the sum of the squared differences between each observation and its group mean. It can be used as a measure of variation within a cluster since if all observations within a cluster are identical, the SSE would be equal to zero. With Ward's method, after all potential cluster merges are considered, the one within which the observations are closest to the cluster mean is chosen. 6. Sequence and cluster analysis were done in R using package TraMiner and cluster (R Core Team 2014; Gabadinho et al. 2011; Maechler et al. 2014) , while data cleaning and regression analysis were conducted using Stata. 7. In 2010, the value of the social pension was 1080 rands per month, which Woolard and Leibbrandt (2010) estimate at the time to be equivalent to PPP$250.
8. Among elderly women (men) in 2010, the average number of children and adults in the households of social pension recipients is 1.6 children (1.3 children) and 3.4 adults (3.3 adults), compared to 0.5 children (0.6 children) and 2.5 adults (3.1 adults) in households where elderly women (men) do not receive a social pension.
